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SPECIFICATION 

SEMICONDUCTOR PHOTODETECTOR AND METHOD OF PRODUCTION THEREOF 
Technical Field 

The present invention relates to a semiconductor 
5 photodetector and a method of production thereof. 

Background Art 

The conventional photoelectric conversion elements 
such as photodiodes (PDs) and avalanche photodiodes (APDs) 
are fabricated by forming pn-junction semiconductor layers 

10 on a high-density p-type or n~type semiconductor substrate 

by crystal growth, impurity diffusion, and so on. In recent 
years, in terms of high photosensitivity and high response, 
semiconductor photodetectors in which electrodes containing 
bonding pads for electrical connection with electrodes are 

15 provided on a semi-insulating substrate have been developed 

and are in practical use. 

For example, Japanese Patent Application Laid-Open No. 
63-285971 (Document 1) discloses a semiconductor 
photodetector in which two types of semiconductor layers 

20 with different characteristics are exposed on an identical 
plane of a semi-insulating substrate to enable placement of 
electrodes on a flat surface. The semiconductor 

photodetector of this type was useful in terms of 
achievement of low capacitance, but required special 

25 techniques of forming depression portions of two steps with 

a small depth difference in a flat portion of the semi- 
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insulating substrate and etching back the semiconductor 
layers deposited in the depression portions and a substance 
with different characteristics, such as a photoresist, at 
almost equal rates in its production process. 
5 Disclosed as a technique for remedying the problem as 

described above is a semiconductor photodetector which has 
two types of semiconductor layers crystal-grown in a mesa 
shape on a flat surface of a semi-insulating substrate and 
in which electrodes are laid on exposed portions of the 

10 semiconductor layers. The semiconductor photodetector of 

this type is disclosed, for example, as a conventional 
example in Japanese Patent Application Laid-Open No. 2- 
105584 (Document 2) . 
Disclosure of the Invention 

15 However, while the technique described in Document 2 

does not require the shaping of the semi-insulating 
substrate of the semiconductor photodetector and the special 
etching technique, a steep ramp of a level difference equal 
to a layer thickness is made between the flat portion of the 

20 semi-insulating substrate and the semiconductor layers. 

Providing electrode wiring on such ramp part can cause 
disconnection or insulation failure due to deterioration of 
coverage, and also requires a complicated and hard process. 
As a result, there were such problems as degradation of 

25 yield and reproducibility of semiconductor photodetectors 

fabricated, degradation of reliability as a product, and so 
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on. 

The present invention has been accomplished under the 
above circumstances and an object of the invention is 
therefore to realize easy fabrication of a semiconductor 
5 photodetector with improvement in yield and reproducibility. 

In order to achieve the above object, a semiconductor 
photodetector according to the present invention is a 
semiconductor photodetector comprising: a semi-insulating 
substrate having an upper step surface, a middle step 

10 surface, and a lower step surface with their respective 

heights different from each other in a top surface portion, 
the lower step surface being located between the upper step 
surface and the middle step surface; a first semiconductor 
layer formed immediately above the lower step surface, 

15 having a first top surface portion of a flat surface shape 

with a height equal to that of the middle step surface and a 
second top surface portion with a height equal to or higher 
than that of the first top surface portion, and comprising a 
first impurity; a second semiconductor layer formed above 

20 the second top surface portion of the first semiconductor 

layer, having a top surface portion of a flat surface shape 
with a height equal to that of the upper step surface, and 
comprising a second impurity; a first electrode provided 
astride and above the first top surface portion of the first 

25 semiconductor layer and the middle step surface of the semi- 
insulating substrate; and a second electrode provided 
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astride and above the top surface portion of the second 
semiconductor layer and the upper step surface of the semi- 
insulating substrate . 

The semiconductor photodetector having the above 
5 configuration is of the structure in which at least a 
portion of the top surface portion (surface) of the first 
semiconductor layer makes a flat surface at the height equal 
to that of the middle step surface of the semi-insulating 
substrate and in which the top surface portion (surface) of 

10 the second semiconductor layer makes a flat surface at the 

height equal to that of the upper step surface of the semi- 
insulating substrate* Therefore/ each of the electrodes in 
contact with the respective semiconductor layers can be 
placed on a continuous flat surface. As a result, it 

15 becomes feasible to provide the semiconductor photodetector 
less likely to suffer disconnection and insulation failure, 
as compared with those wherein the electrodes are placed 
astride the ramp portion. 

When further comprising a third semiconductor layer 

20 formed between the first semiconductor layer and the second 

semiconductor layer and having a carrier density lower than 
that of the first semiconductor layer or the second 
semiconductor layer, the semiconductor photodetector can be 
constructed with the third semiconductor layer as a light 

25 absorbing layer. In this case, when the third semiconductor 

layer is set in an optimal thickness for a length of optical 
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absorption determined by a wavelength of incident light, the 
semiconductor photodetector can be constructed with high 
optical absorption efficiency. 

A ramp portion consisting of a level difference 
5 between the upper step surface and the lower step surface of 
the semi-insulating substrate is inclined in a radial 
direction of a depression formed by the upper step surface 
and the middle step surface, in a direction from the lower 
step surface to the upper step surface* Therefore, it is 

10 feasible to prevent each semiconductor layer from climbing 

near the ramp portion, and thereby to make a projection of 
the second semiconductor layer smaller in the surface 
portion. As a result, it becomes feasible to lay the second 
electrode on a flatter surface, 

15 A method of producing a semiconductor photodetector 

according to the present invention is a method of production 
of a semiconductor photodetector comprising: a first step of 
forming a recess with a predetermined depth in a semi- 
insulating substrate by etching; a second step of forming a 

20 stack of a first semiconductor layer comprising a first 

impurity and a second semiconductor layer comprising a 
second impurity, selectively only in the recess of the semi- 
insulating substrate formed in the first step; a third step 
of further etching a part of the semi-insulating substrate 

25 so as to expose at least a portion of the first 

semiconductor layer formed in the second step; and a fourth 



5 



2004$ 6^258 Ibmn SOEI PATET i LAW FIRM 



i?P02-uj>iO- 



step of laying a first electrode in contact with the exposed 
portion of the first semiconductor layer exposed in the 
third step and laying a second electrode in contact with the 
second semiconductor layer above the semi-insulating 
5 substrate. 

According to the above production method/ level 
differences are made in the semi-insulating substrate 
itself/ whereby the semiconductor photodetector with the 
electrodes on the flat surfaces of the semi-insulating 

10 substrate less likely to suffer disconnection can be readily 

fabricated without use of the special etching technique. As 
a result, it is feasible to provide the semiconductor 
photodetector excellent in yield and reproducibility. 

In view of ease of selective growth, preferably, the 

15 second step is to form the stack of the first semiconductor 

layer and the second semiconductor layer by vapor 
deposition. 

Furthermore, in order to minimize the projection of 
the semiconductor layer in the surface portion, preferably, 

20 the first step is to form the recess of the semi-insulating 

substrate so that at least a side wall portion on the second 
electrode side among side wall portions in a sectional shape 
along a direction connecting the first electrode to the 
second electrode is of an inverted mesa shape (a shape of 

25 the recess the side wall portion of which is inclined in the 

radial direction of the bottom surface of the recess) . 
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Since each semiconductor layer is formed according to the 
shape of the recess, when the recess is formed in this 
sectional shape, it is feasible to decrease the climbing of 
the semiconductor layers near the ramp portion in their 
5 deposition steps and to prevent a projection in the surface 
portion. As a result, electrode wiring can be provided on a 
flatter surface, which can improve the yield and 
reproducibility of the semiconductor photodetector more. 

As long as at least the side wall portion on the 

10 second electrode side is formed in the inverted mesa shape 

in the sectional shape of the recess, even if the side wall 
portion on the first electrode side is formed in the normal 
mesa shape, the aforementioned effect can also be achieved 
by further etching the semi-insulating substrate in that 

15 part- 
Brief Description of the Drawings 

Fig. lA is a plan view of a semiconductor 
photodetector as a first embodiment and Fig. IB a sectional 
view of the semiconductor photodetector along AA' . 

20 Fig. 2A is a plan view of a semiconductor 

photodetector in a recess forming step of the semiconductor 
photodetector of the first embodiment, and Fig. 2B and Fig. 
2C are views each showing a deposition step. 

Fig. 3A is a view showing a recess forming step of a 

25 semiconductor photodetector as a second embodiment. Fig. 3B 

a view showing a deposition step. Fig. 3C a view showing an 
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exposing step^ Fig. 3D a plan view corresponding to Fig, 3A, 
and Fig. 3E a plan view corresponding to Fig. 3C. 

Fig. 4A is a view showing a recess forming step of a 
semiconductor photodetector as a third embodiment/ Fig. 4B a 
5 view showing a deposition step. Fig. 4C a view showing an 

exposing step. Fig. 4D a plan view corresponding to Fig. 4A, 
and Fig. 4E a plan view corresponding to Fig. 4C. 

Fig. 5A is a view showing a recess forming step of a 
semiconductor photodetector as a fourth embodiment. Fig. 5B 
10 a view showing a deposition step. Fig. 5C a view showing an 

exposing step. Fig. 5D a plan view corresponding to Fig. 5A, 
and Fig. 5E a plan view corresponding to Fig. 5C. 

Fig. 6A is a view showing a recess forming step of a 
semiconductor photodetector as a fifth embodiment. Fig. 6B a 
15 view showing a deposition step. Fig. 6C a view showing an 

exposing step. Fig. 6D a plan view corresponding to Fig. 6A, 
and Fig. 6E a plan view corresponding to Fig. 6C. 

Fig. 7A is a view showing a recess forming step of a 
semiconductor photodetector as a sixth embodiment. Fig. 7B a 
20 view showing a deposition step. Fig. 7C a view showing an 

exposing step. Fig. 7D a plan view corresponding to Fig. 7A, 
and Fig. 7E a plan view corresponding to Fig. 7C. 

Fig. 8A is a view showing a recess forming step of a 
semiconductor photodetector as a seventh embodiment. Fig. 8B 
25 a view showing a deposition step. Fig. 8C a view showing an 

exposing step. Fig. 8D a plan view corresponding to Fig. 8A, 
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and Fig. 8E a plan view corresponding to Fig. 8C. 

Fig. 9A is a view showing a recess forming step of a 

semiconductor photodetector as an eighth embodiment. Fig. 9B 

a view showing a deposition step. Fig. 9C a view showing an 
5 exposing step. Fig. 9D a plan view corresponding to Fig. 9A, 

and Fig. 9E a plan view corresponding to Fig. 9C. 

Fig. lOA is a view showing a recess forming step of a 

semiconductor photodetector as a ninth embodiment. Fig, lOB 

a view showing a deposition step. Fig. IOC a view showing an 
10 exposing step. Fig. lOD a plan view corresponding to Fig. 

lOA, and Fig. lOE a plan view corresponding to Fig. IOC. 

Best Mode for Carrying out the Invention 

Preferred embodiments of the semiconductor 

photodetector and the production method of the semiconductor 
15 photodetector according to the present invention will be 

described below in detail with reference to the accompanying 

drawings. In the description below identical or equivalent 

elements will be denoted by the same reference symbols, 

without redundant description. It is also noted that ratios 
20 in the drawings do not always agree with those in the 

description. 

(First Embodiment) 

Fig. lA is a schematic plan view of semiconductor 

photodetector 1 in the first embodiment and Fig. IB a 
25 schematic sectional view along chain line AA* in Fig, lA. 

First, the configuration will be described. As shown in 
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Fig. IB, a semi-insulating GaAs substrate 2 has three top 
surface portions with different heights (which will be 
referred to as "upper step surface, " "middle step surface, " 
and "lower step surface" and which will be denoted by 2u, 
5 2m, and 2d, respectively, in Fig. IB) . The heights of the 

respective step surfaces are set in decreasing order of 
height: the upper step surface, the middle step surface, and 
the lower step surface, and a level difference between the 
upper step surface and the middle step surface is preferably 

s 

\ 10 about 1-5 ]m (specifically, 2.5 pm) . A level difference 

i 

between the middle step surface and the lower step surface 

i 
I 

is preferably about 0.1-2 pm (specifically, 0.5 pm) . The 

step surfaces are formed so that the upper step surface and 

i the middle step surface are located on both sides of the 

j 

I 15 lower step surface in the horizontal direction (i.e., so 

I that the lower step surface is interposed between the upper 

step surface and the middle step surface) . This results in 
forming a depression portion in the depth of about 1 to 7 ym 
1 (specifically, 3 pm) from the upper step surface to the 

i 20 lower step surface (the bottom surface of the depression 

portion) with the bottom surface being the lower step 
surface and with side walls being a part of the level 
difference made by the lower step surface and the upper step 
surface and being the level difference portion made by the 
25 lower step surface and the middle step surface, in the 

central region of the substrate. 



10 



2004$ 6^258 min SOEI PATET i LAW FIRM 



NO. 8173 _P. 20^ 



This depression portion is filled with an n-type GaAs 
layer 3 containing a first impurity/ which preferably has a 
layer thickness of about 0.5-2 ]m (specifically, 1 \m) . Two 
top surface portions having different heights are present in 
5 the top surface of the n-type GaAs layer 3. Namely, a 

lower-height top surface portion (hereinafter referred to as 
"first top surface portion") formed on the middle step 
surface side of the substrate has the height equal to that 
of the middle step surface and continues to the middle step 

10 surface. This permits after-described n-side ohmic 

electrode 7 . to be placed on the first top surface portion 
and the middle step surface constituting a continuous flat 
surface, whereby it becomes feasible to prevent the 
disconnection and insulation failure due to deterioration of 

15 coverage, as compared with the case where the electrode is 
laid astride the level difference part- 

A higher-height top surface portion (hereinafter 
referred to as "second top surface portion") formed on the 
upper step surface side of the substrate is, preferably, 

20 about 0.2-1 jam (specifically, 0.5 pm) higher than the middle 

step surface. The second top surface portion has the area 
wider than the first top surface portion. An i-type GaAs 
layer 4 preferably having the layer thickness of about 0.5-5 
ym (specifically, 2 \m) is laid directly on the second top 

25 surface portion of the n-type GaAs layer 3 so as to 
completely cover the second top surface portion. 
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Furthermore, a p-type GaAs layer 5 preferably having 
the layer thickness of about 0.005-0.02 ym (specifically, 
0.01 pm) and containing a second impurity is laid directly 
on the i-type GaAs layer 4 so as to completely cover the top 
5 surface of the i-type GaAs layer 4. The GaAs layers are 

deposited in the order of the n-type GaAs layer 3, i-type 
GaAs layer 4, and p-type GaAs layer 5 named, and the total 
thickness thereof is approximately 3 ]jm which is the level 
difference between the upper step surface and the lower step 

10 surface. Namely, the p-type GaAs layer 5 has the height 

equal to that of the upper step surface of the semi- 
insulating GaAs substrate 2 and continues to the upper step 
surface. By placing after-described p-side ohmic electrode 
6 on the surface of the p-type GaAs layer 5 and the upper 

15 step surface forming a continuous flat surface, the coverage 

can be improved, while lowering the risk of disconnection 
and insulation failure. 

The i~type GaAs layer 4 has the carrier density lower 
than that of the n-type GaAs layer 3 and the layer thickness 

20 thereof is preferably 0.5-5 jam, specifically, about 2 pm, 

defining a thickness of a depletion region which contributes 
to optical absorption. By setting this layer thickness to 
an optimal value for a length of optical absorption 
determined by a wavelength of incident light, it is feasible 

25 to realize a semiconductor photodetector with high 

photosensitivity. 
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On the other hand/ lower-step-surface-side edge 
portions of the respective GaAs layers form a ramp portion 
(i.e., a cliff-like side wall part in the drawing) 
consisting of the level difference between the upper step 
5 surface and the middle step surface. The ramp portion is 

covered by an insulating film 9 for maintaining the 
withstand voltage property of the device and for preventing 
a short. The insulating film 9 also covers the upper step 
surface and the lower step surface of the semi-insulating 

10 GaAs substrate 2. Furthermore, an antiref lection film 8 is 

formed so as to cover the central region of the top surface 
of the p-type GaAs layer 5. 

A p-side ohmic electrode 6 is provided astride through 
the insulating film 9 and antiref lection film 8 on the upper 

15 step surface of the semi-insulating GaAs substrate 2 and on 

the p-type GaAs layer 5. The p-side ohmic electrode 6 is 
formed, as shown in Fig. lA, in a circular shape on the 
upper step surface of the semi-insulating GaAs substrate 2 
and in an annular shape around the antiref lection film 8 on 

20 the top surface of the p-type GaAs layer 5. Furthermore, 

the p-side ohmic electrode 6 is in electric contact with the 
p-type GaAs layer 5 so as to fill a gap between the 
insulating film 9 and the antiref lection film 8 formed on 
the top surface of the p-type GaAs layer 5. 

25 An n-side ohmic electrode 7 is provided astride 

through the insulating film 9 on the middle step surface of 
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the semi-insulating GaAs substrate 2 and on the first top 
surface portion of the n-type GaAs layer 3. The n-side 
ohmic electrode 7 is formed, as shown in Fig. lA, in a 
circular shape having the radius nearly equal to that of the 
5 p-side ohiaic electrode 6, at a position opposite to the p- 

side ohmic electrode 6 with the stack region of the 
semiconductor layers in between (i.e., on the middle step 
surface of the semi-insulating GaAs substrate 2) . On the 
other hand, the n-side ohmic electrode 7 is formed so as to 

10 surround the p-side ohmic electrode 6 with a constant 

clearance thereto on the top surface of the n-type GaAs 
layer 3. Furthermore, the n-side ohmic electrode 7 is in 
electric contact with the n-type GaAs layer 3 so as to fill 
a gap of the insulating film 9 formed on the top surface of 

15 the n-type GaAs layer 3. Except for the contact part, the 

n-side ohmic electrode 7 is out of contact with the n-type 
GaAs layer 3. 

Each of the p-side and n-side ohmic electrodes is 
coupled through a conductor {not shown) to a drive power 
20 supply (not shown) . The cliff-like side wall part in the 

drawing formed of the GaAs layers is covered by the 
insulating film 9 only, and the both ohmic electrodes are 
placed without lying over the side wall part. 

Next, a production method of semiconductor 
25 photodetector 1 will be described. Figs. 2A/ 2B, and 2C are 

schematic sectional views showing production steps of 
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semiconductor photodetector 1 in the first embodiment of the 
present invention. The first step is ® a step of depositing 
a silicon oxide film as a protective film 10 for selective 
growth on a semi-insulating GaAs substrate 2 by a crystal 
5 growth method such as plasma CVD (Chemical Vapor 

Deposition) ♦ Then the selective-growth protective film 10 
is selectively etched by photolithography to expose a part 
of the top surface of the semi-insulating GaAs substrate 2, 
Then the semiconductor photodetector 1 is immersed in a 

10 compound liquid prepared in a predetermined composition to 

chemically etch only the exposed part of the top surface of 
the semi-insulating GaAs substrate 2. As a consequence/ the 
semiconductor photodetector 1 comes to have the shape as 
shown in the plan view of Fig, 2A and in the cross section 

15 of Fig. 2B. 

The next step is (D a step of successively depositing 
n-type GaAs layer 3, i-type GaAs layer 4, and p-type GaAs 
layer 5 on the semi-insulating GaAs substrate 2 by a crystal 
growth method such as low pressure MOCVD (Metal Organic 

20 Chemical Vapor Deposition) . In this step, the selective- 

growth protective film 10 prevents crystal growth on the 
surface thereof and the GaAs layers continuously grow only 
on the semi-insulating GaAs substrate 2. As a consequence, 
the semiconductor photodetector 1 is brought into a state in 

25 which the p-type, i-type, and n-type GaAs layers 5, 4, 3 are 
layered in the recess of the semi-insulating GaAs substrate 



15 



2004$ 6^258 mm SOEI PATET i LAW FIRM 



NO. 8173 P. 25 

lfP02-U^iO-00 



2, as shown in the schematic sectional view of Fig. 2C. On 
this occasion, the depth of etching the semi-insulating GaAs 
substrate 2 is set to be equal to the total thickness of the 
GaAs layers grown by crystal growth, thereby obtaining a 
5 flat shape on the top surface. 

The subsequent step is (S) a step of removing the 
selective-growth protective film 10 and thereafter 
selectively etching a part of the semi-insulating GaAs 
substrate 2 by photolithography until a part of the top 

10 surface of the n-type GaAs layer 3 is exposed. This results 

in forming the semiconductor layers of cliff shape in a 
region including the recess of the semi-insulating GaAs 
substrate 2. After formation of the semiconductor layers, a 
silicon nitride film (Si3N4) is deposited on the p-type GaAs 

15 layer 5 by a thin film deposition method such as plasma CVD 

to form an antiref lection film 8. 

Similarly, a silicon nitride film is laid on the semi- 
insulating GaAs substrate 2 to form an insulating film 9 as 
a surface protecting film, and a silicon nitride film is 

20 laid on the lower-step-side ramp portion of the 

semiconductor layers to form an insulating film 9 as a side 
wall protecting film. The antiref lection film 8 and 
insulating films 9 do not have to be formed separately from 
each other, but a silicon nitride film deposited by a single 

25 plasma CVD step can function as an antiref lection film or as 

an insulating film, depending upon its forming location. A 
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thin film of n-side ohmic electrode 7 is deposited and 
patterned so as to contact the exposed part of the n-type 
GaAs layer 3^ and a thin film of p-side ohmic electrode 6 is 
deposited and patterned so as to contact the exposed part of 
5 the p-type GaAs layer 5, each by vacuum vapor deposition. 

As a result, the semiconductor photodetector 1 comes to have 
the planar shape and sectional shape shown in Figs. lA and 
IB. 

As described above, the semiconductor photodetector 1 

10 in the present first embodiment is constructed as a pin-type 

PD of the selectively buried type structure in which the 
semiconductor layers are epitaxially grown by selective 
growth such as MOCVD only in the recess of the semi- 
insulating GaAs substrate 2 formed by etching. Accordingly, 

15 the low-capacitance semiconductor photodetector with the 

both p-side and n-side wiring electrodes provided on the 
semi-insulating GaAs substrate 2 can be fabricated without 
using the special technique of etching back the 
semiconductors and the substance such as the photoresist 

20 with completely different characteristics simultaneously at 

an equal rate, in the step of exposing the n-type GaAs layer 
3. Since the wiring electrodes are placed on a flat surface 
without level difference on the semi-insulating substrate, 
the semiconductor photodetector can be produced while 

25 reducing the risk of disconnection and insulation failure 

due to deterioration of coverage. As a result, it becomes 
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feasible to realize the semiconductor photodetector improved 
in yield and reproducibility, without difficulty and at low 
cost . 

The present embodiment described the example of GaAs 
5 for the semi-insulating substrate and for the semiconductors 

used in the composition of the semiconductor layers, but any 
material other than it can also be adopted, e.g., III-V 
semiconductors such as InP, InGaAS/ InAs, etc. and compound 
semiconductors such as ZnS, SiC, and so on. Furthermore, 

10 the materials can also be selected from single-element 

semiconductors such as Si, Ge, and so on. The semi- 
insulating substrate and semiconductor layers may be those 
of semiconductors of different kinds under hetero junction . 
The impurity (donor) to be added in the n-type semiconductor 

15 can be selected from Se, Si, P, and so on, and the impurity 

(acceptor) to be added in the p-type semiconductor can be 
selected from Zn, Mg, B, and so on. 

Other embodiments being modifications of the present 
invention will be described below with reference to Fig. 3A 

20 to Fig. lOE. Concerning the semiconductor photodetectors in 

the other embodiments, the basic configuration thereof is 
similar to the configuration of the semiconductor 
photodetector detailed in the first embodiment, and 
therefore each component will be denoted by the same 

25 reference symbol, without description thereof. Only 

differences (the shape of the recess, the deposition method. 
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etc.) from the first embodiment will be described below. 
(Second Embodiment) 

The second embodiment of the present invention will be 
described with reference to Figs. 3A, 3B, 3C, 3D/ and 3E. 
5 Figs. 3A, 3B, and 3C are schematic sectional views of 

semiconductor photodetector 1 in the second embodiment of 
the present invention, and the steps of Fig. 3A, Fig. 3B, 
and Fig. 3C are carried out in the aforementioned order of 
steps ®, (D , and (§) , Fig. 3A shows a cross section along 

10 AA' in Fig. 3D, and Fig. 3C a view showing a cross section 
along AA' in Fig. 3E. 

In the second embodiment detailed description will be 
given about the shape of the etching cross section in the 
recess forming step, which was not described in the first 

15 embodiment. Specifically, the second embodiment illustrates 

a case where the shape of the etching cross section is an 
inverted mesa shape. Here the inverted mesa shape is a 
state in which distances between two sides forming side 
walls in the etching sectional shape increase toward the 

20 bottom side (so-called ^'^-shape) . 

A production method of the semiconductor photodetector 
1 in the second embodiment will be described below. First, 
photolithography is carried out to form a pattern 
preliminarily set so as to obtain the etching section along 

25 inverted mesa directions, and thereafter the semi-insulating 

GaAs substrate 2 is subjected to chemical etching. This 
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results in forming the recess having the sectional shape 
shown in Fig. 3A, in the semiconductor photodetector 1. 
Thereafter, as in the first embodiment, the n-type, i-type, 
and p-type semiconductor layers 3, 4, and 5 are successively 
5 deposited in the recess by a crystal growth method such as 

low pressure MOCVD, as shown in Fig. 3B. 

Since the recess is of the inverted mesa shape, it can 
prevent climbing of each GaAs layer near the ramp portion 
and a projection of the p-type GaAs layer 5 in the surface 

10 part can be small. Then, as shown in Fig. 30, a part of the 

semi'-insulating GaAs substrate 2 is selectively etched until 
a part of the top surface of the n-type GaAs layer 3 is 
exposed. Thereafter, the antiref lection film 8 and 
insulating film 9 are deposited and the ohmic electrodes 6, 

15 7 are placed. 

In the semiconductor photodetector 1 of the second 
embodiment, as described above, the recess is formed in the 
semi-insulating GaAs substrate 2 so as to have the etching 
section along the inverted mesa directions. Accordingly, it 

20 is feasible to minimize the projection in the surface part 

due to the climbing phenomenon of the semiconductor layers. 
As a result, the p-side ohmic electrode 6 is placed on a 
flat surface with a minimum level difference, whereby there 
is little possibility of disconnection. 

25 (Third Embodiment) 

The third embodiment of the present invention will be 
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described below with reference to Figs. 4A, 4B, 4C, 4D, and 
4E. Figs. 4A, 4B/ and 4C are schematic sectional views of 
semiconductor photodetector 1 in the third embodiment of the 
present invention, and the steps of Figs. 4A, 4B, and 4C are 
5 successively carried out in the same manner as in Figs. 3A, 

3B, and 3C. Fig. 4A corresponds to a cross section along 
AA' in Fig- 4D, and Fig. 4C to a cross section along AA' in 
Fig. 4E, 

The third embodiment is different from the second 
10 embodiment in that the ohmic electrodes 6, 1 are arranged at 

an angle of approximately 90*" around the recess being the 
lower step portion (with the recess in between) and in that 
sectional shapes are different between the two electrode 
sides . 

15 As shown in Fig. AC, the recess of the semi-insulating 

GaAs substrate 2 is formed so that only the p-side ohmic 
electrode 6 is of the inverted mesa shape, out of the two 
side wall portions forming the sectional shape in the 
direction connecting the p-side ohmic electrode 6 to the n- 

20 side ohmic electrode 7 . In this sectional shape, as shown 

in the plan view of Fig. 4E, the p-side ohmic electrode 6 
and the n-side ohmic electrode 7 are arranged to make a 
right angle. On the occasion of forming a cliff, the angle 
of inclination of the side wall can be made gentler, for 

25 example, by a chemical etching treatment of immersing the 

semi-insulating GaAs substrate 2 in a mixed liquid of a 
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phosphate (H3PO4) / hydrogen peroxide, and water prepared at 
a predetermined mixture ratio (1:1:10 at ordinary 
temperature) . 
(Fourth Embodiment) 
5 Figs. 5A, 5B, and 5C are schematic sectional views of 

semiconductor photodetector 1 in the fourth embodiment of 
the present invention, and the steps of Figs. 5A, 5B, and 5C 
are successively carried out in the same manner as in Figs. 
3A, 3B, and 3C. Fig. 5A corresponds to a cross section 
10 along AA' in Fig, 5D, and Fig. 5C to a cross section along 

AA' in Fig. 5E. 

As shown in Fig. 5A/ the recess of the semi-insulating 
GaAs substrate 2 is formed so that the sectional shape in 
the direction connecting the p-side ohmic electrode 6 to the 

j 

15 n-side ohmic electrode 7 is of the normal mesa shape with a 

relatively steep slope. This sectional shape can be 
implemented, for example, by chemical etching to immerse the 
semi-insulating GaAs substrate 2 in a mixed solution of 
aqueous ammonia (NH^OH) , hydrogen peroxide, and water 

20 prepared at a predetermined mixture ratio (1:1:10 at 

ordinary temperature) . In this case, the projection of p- 
type GaAs layer 5 in the surface part can be made relatively 
small, depending upon the fabrication method, whereby the 
possibility of disconnection can be decreased. 

25 (Fifth Embodiment) 

The fifth embodiment will be described below with 
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reference to Figs. 6A, 6B, 6C, 6D, and 6E, Figs. 6A, 6B, 
and 6C are schematic sectional views of semiconductor 
photodetector 1 in the fifth embodiment of the present 
invention, and the steps of Figs. 6A, 6B, and 6C are 
5 successively carried out in the same manner as in Figs. 3A, 

3B, and 3C. Fig. 6A corresponds to a cross section along 
AA' in Fig. 6D, and Fig. 6C to a cross section along AA' in 
Fig. 6E. As shown in Fig. 6A, the recess of the semi- 
insulating GaAs substrate 2 is formed in the normal mesa 

10 shape with the sectional shape of a gentle slope in the 

direction connecting the p-side ohmic electrode 6 to the n- 
side ohmic electrode 7. In this case, the p-type GaAs layer 
5 forms a large projection in the surface part, so as to 
raise the possibility of disconnection due to deterioration 

15 of coverage of the p-side ohmic electrode 6, and it is thus 

necessary to form the p-side ohmic electrode 6 in a larger 
thickness . 
(Sixth Embodiment) 

Figs. 7A, 7B, and 7C are schematic sectional views of 

20 semiconductor photodetector 1 in the sixth embodiment of the 

present invention, and the steps of Figs. 7A, 7B, and 7C are 
successively carried out in the same manner as in Figs. 3A, 
3B, and 3C. Fig. 7A corresponds to a cross section along 
AA' in Fig. 7D, and Fig. 7C to a cross section along AA' in 

25 Fig. 7E. As shown in Fig. 7, the recess of the semi- 

insulating GaAs substrate 2 is formed in a shape in which 
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the sectional shape in the direction connecting the p-side 
ohmic electrode 6 to the n-side ohmic electrode 7 is very 
close to a rectangle (i.e./ in a state in which two sides 
forming side walls are nearly parallel to each other) . This 
5 sectional shape can be realized by dry etching with chlorine 

gas or the like, instead of wet etching including chemical 
etching. By such an etching method/ it is feasible to place 
the electrodes in any direction without preliminary 
consideration to the mesa direction of the recess, while 
10 reducing the projection in the surface part as much as 

possible • 

(Seventh Embodiment) 

The seventh embodiment of the present invention will 

be described below with reference to Figs, 8A/ SB, 8C, 8D, 
15 and 8E. The description hereinafter will be given without 

description about the mesa shape, the projection, and 

others, for simplification of description. 

Figs, 8A, 8B, and 8C are schematic sectional views of 

semiconductor photodetector 1 in the seventh embodiment of 
20 the present invention, and the steps of Figs. SA, SB, and 8C 

are successively carried out in the same manner as in Figs. 

3A, 3B, and 3C. Fig. 8A corresponds to a cross section 

along AA' in Fig. 8D, and Fig. 8C to AA' in Fig. 8E, The 

present embodiment is different from the first embodiment in 
25 that a window layer 40 as shown in Figs. 8B and 8C is 

deposited between the i-type GaAs layer 4 and the p-type 
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GaAs layer 5. 

Namely, after the n-type GaAs layer 3 and the i-type 
GaAs layer 4 (light absorbing layer) are grown in the recess 
of the semi-insulating GaAs substrate 2, an AlGaAs layer 4 0 
5 (window layer) is grown thereon. Then the p-type GaAs layer 

5 is grown thereon. The thicknesses of the respective GaAs 
layers are preferably set as follows: for example, where the 
depth of the recess is about 3.5 ]m, the n-type GaAs layer 3 
is about 1 ym thick, the i-type GaAs layer 4 about 2 urn 

10 thick, the AiGaAs layer 4 0 about 0.5 ]im thick, and the p- 

type GaAs layer 5 about 0.05 v"^ thick. 

Then the p-type GaAs layer 5 corresponding to a light 
receiving portion is selectively removed by etching to 
expose the AlGaAs layer 40. Thereafter, as in the first 

15 embodiment, the semi-insulating GaAs substrate 2 is etched 

so as to expose a part of the n-type GaAs layer 3; the 
antiref lection film 8 and insulating film 9 are deposited; 
and then the p-side ohmic electrode 6 and n-side ohmic 
electrode 7 are placed. As a result, the semiconductor 

20 photodetector 1 comes to have the structure shown in Fig. 

8C. In this structure, incident light passes through the 
AlGaAs layer 40 transparent to near-infrared light, without 
passing through the p-type GaAs layer 5, to reach the i-type 
GaAs layer 4. Therefore, the p-type GaAs layer 5 can be 

25 formed in a larger thickness and the photosensitivity can be 

improved. 
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(Eighth Embodiment) 

Figs* 9A, and 9C are schematic sectional views of 

semiconductor photodetector 1 in the eighth embodiment of 
the present invention, and the steps of Figs* 9A, 9B, and 9C 
5 are successively carried out in the same manner as in Figs. 

3A, 3B, and 3C. Fig, 9A corresponds to a cross section 
along AA' in Fig. 9D, and Fig. 9C to a cross section along 
AA' in Fig. 9E. The present embodiment is different from 
the first embodiment in that the semi-insulating substrate 

10 is, particularly, semi-insulating InP 21 and in that the 

semiconductor layers grown are, particularly, n*-InP 31 1 \im 
thick, i-InGaAs 41 2 pm thick, and p*-InP 51 0.05 ym thick. 
By employing this composition, incident light of infrared 
light having the wavelength of not less than 1 pm is 

15 photoelectrically converted by i-InGaAs 41 to generate a 

photocurrent . This enables detection of infrared light 
having the wavelength of not more than 1.7 ym. 
(Ninth Embodiment) 

Finally, the ninth embodiment of the present invention 

20 will be described with reference to Figs. lOA, lOB, IOC, 

lOD, and lOE. Figs. lOA, lOB, and IOC are schematic 
sectional views of semiconductor photodetector 1 in the 
ninth embodiment of the present invention, and the steps of 
Figs. lOA, lOB, and lOC are successively carried out in the 

25 same manner as in Figs. 3A, 3B, and 3C. Fig. lOA 

corresponds to a cross section along AA' in Fig. lOD, and 
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Fig. IOC to a cross section along AA' in Fig. lOE. 

The present embodiment is substantially identical with 
the eighth embodiment but is different therefrom in that, 
after growth of p^-InP 52 in the thickness of 1 pm in the 
5 recess, n^'-InP 11 including an n-InP guard ring 12 is formed 

by two selective diffusion or ion implantation operations. 
This makes it feasible to apply the present invention not 
only to the pin type photodiodes but also to the APDs 
(Avalanche Photo Diodes) • Namely, after growth of p*-InP as 
10 32, p-InGaAs as 42, and p-InP as 52, n"^-InP 11 including the 

n-InP guard ring 12 is formed by two selective diffusion or 
ion implantation operations. This enables even formation of 
APD. 

It is noted that the photodetector and its production 
15 method according to the present invention are not limited to 
the forms described in the above embodiments, but a variety 
of modifications can be contemplated according to other 
conditions and the like. For example, each of the above 
embodiments except for the third embodiment described the 
20 example in which the p-side ohmic electrode 6 and the n-side 

ohmic electrode 7 were located at the opposite positions 
with the recess in between, but it is also possible to adopt 
a configuration in which the electrodes are arranged so that 
an acute angle made by the electrodes and the center of the 
25 bottom surface of the recess on the top plan view is a 
predetermined angle (e.g., 90**). 
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The top shape of the recess and each electrode is not 
limited to the circular shape, either, but may be any shape, 
e.g., rectangular. Furthermore, in each of the above 
embodiments the p-type semiconductor layer was formed above 
5 the n-type semiconductor layer, but, conversely, the n-type 
semiconductor layer may be formed above the p-type 
semiconductor layer. In addition, the detailed structure of 
the semiconductor photodetector can also be properly 
modified within the scope not departing from the spirit of 
10 the present invention. 

In the semiconductor photodetector according to the 
present invention, as described above, the p-side and n-side 
electrodes both can be placed on the flat surface, so as to 
prevent the disconnection and insulation failure. As a 
15 result, the semiconductor photodetector can be realized with 

high yield and reproducibility. 

In addition, the semiconductor photodetector with high 
reliability can be readily produced by the production method 
of the semiconductor photodetector according to the present 
20 invention, without requiring any special etching technique. 

Industrial Applicability 

The present invention can be applied to 
photodetectors • 
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